We have amplified and sequenced DNA in the envelope (env) and long terminal repeat (LTR) regions of human T-cell lymphotropic virus type I (HTLV-I) proviruses from the peripheral blood of 10 HTLV-I-seropositive patients with tropical spastic paraparesis (TSP) and two patients with adult T-cell leukemia. The aim was to examine variation in these regions and to test the hypothesis that the sequences of leukemogenic HTLV-I isolates differ from those causing the neurological disease TSP. In 5 of the 12 HTLV-I-seropositive patients, more than one HTLV-I sequence variant was identified in the same individual. No two individuals shared identical sequences in either env or LTR U3. Sequence variations were found at 73 positions in 1,416 bases amplified in env. Sequence variability was found throughout the LTR-U3 region, including the sequences of two transcriptional enhancers. Several nucleotide changes common to both Caribbean and Japanese HTLV-I isolates allowed us to identify a consensus sequence that differs from the HTLV-I prototype sequence (M. Seiki, S. Hattori, Y. Hirayama, and M. Yoshida, Proc. Natl. Acad. Sci. USA 80: [3618][3619][3620][3621][3622] 1983). No sequence in the env or LTR U3 region was found to be characteristic of isolates from TSP patients. Although each isolate was distinct at the nucleotide level, the predicted protein sequence of HTLV-I env is less variable than that of human immunodeficiency virus env, suggesting that these lymphotropic retroviruses use different strategies to evade host immune responses.
Human T-cell lymphotropic virus type I (HTLV-I) has now been unequivocally associated with adult T-cell leukemia/lymphoma (ATL) (30) and with the chronic neurological disorder tropical spastic paraparesis (TSP) (2) and its Japanese equivalent, HTLV-I-associated myelopathy (HAM) (29) . We have previously identified two minor variants of HTLV-I reverse transcriptase sequences from TSP patients and a third variant sequence from an HTLV-I-seropositive, asymptomatic individual (2) . Reverse transcriptase sequences identical to that derived from an ATL patient (26) were found in two other TSP patients. These data suggest that no one variant of HTLV-I is associated with TSP.
The envelope (env) gene of retroviruses influences the tissue tropism of the virus. For example, mutations in the envelope genes of murine leukemia viruses modify tissue specificity and growth characteristics of these viruses in vivo and in vitro (20, 22, 27) . Szurek et al. (27) identified amino acid mutations within the env gene of a temperature-sensitive mutant of Moloney murine leukemia virus which allowed the virus to replicate preferentially in neural tissue and caused hindlimb paralysis in infected animals. The mutations were positioned at the 3' end of gp7O and within the pl5E hydrophobic transmembrane domain. Similarly, induction of the degenerative myeloencephalopathy in mice by the Cas-Br-E murine leukemia virus has been mapped to the amino-terminal portion of the env gp7O (20) .
The U3 region of the retroviral long terminal repeat (LTR) is also involved in determining tissue tropism and tumorigenicity (10, 12) . The results of genome fragment exchanges between murine leukemia virus strains with different tissue tropisms have localized the genetic elements for T-cell * Corresponding author. lymphomagenesis to the enhancer region of the LTR extending 3' to the TATA box (10, 12, 13) and may also include the 3' end of the env coding sequence (8) .
This evidence suggests that sequence differences within the env region and/or the LTR of HTLV-I contribute to the onset of neurological disease (HAM or TSP). We therefore amplified and sequenced these regions of HTLV-I provirus from patients with TSP and compared them with the equivalent sequences derived from ATL patients. Sequence analysis of the regions amplified in HTLV-I env and LTR from each of the TSP and ATL patients showed limited variation between sequences, none of which were characteristic of TSP. Eighteen distinct env sequences and six distinct LTR sequences were identified in 12 seropositive patients. Although no two env sequences were identical, the extent of sequence variation was very small compared with that of human immunodeficiency virus (HIV) env. These data suggest that HTLV-I isolates causing TSP do not carry determinants of neurotropism in env or LTR U3 that distinguish them from isolates causing leukemia.
MATERIALS AND METHODS
Patient groups. Ten HTLV-I-seropositive adult females of Jamaican origin were diagnosed as having TSP (17) . These patients have been resident in the United Kingdom for between 10 and 29 years, and in all cases, onset of disease occurred after the age of 35 years. Two Jamaican-born males had HTLV-I-seropositive ATL. Control DNA samples were obtained from four healthy seronegative adult volunteers.
Oligonucleotide preparation. Oligonucleotides were synthesized on an Applied Biosystems 381A DNA synthesizer, using 3-cyanophosphoramidite derivatives. Purified and desalted oligonucleotides were used as amplification primers (16) . One microgram of DNA was amplified by using the polymerase chain reaction (25) in buffer containing 50 mM KCl, 10 mM Tris hydrochloride, pH 8.3, 1.5 mM MgCl2, 0.01% gelatin, 0.05% Nonidet P-40, 0.2 mM each dATP, cDTP, dTTP, and dGTP (Pharmacia), 1 ,uM each oligonucleotide primer, and 2 to 4 U of Taq DNA polymerase (Cetus Corp.). Samples were initially denatured at 93°C for 5 min, followed by 35 cycles of 93°C for 1 min, 55°C for 2 min, and 72°C for 3 min (for polymerase chain reaction products smaller than 500 nucleotides, 30-s extension times [72°C] were found to be efficient). The last extension reaction was prolonged to 10 min before cooling to 10°C.
32P-end-labeled oligoprobe (2 to 5 ng) in buffer containing 0.9 mM NaCl, 90 mM Tris hydrochloride, pH 8.0, 6 mM EDTA, 0.5% (vol/vol) Nonidet P-40, 10% (wt/vol) dextran sulfate, and 100 ,ug of salmon sperm DNA (Sigma) per ml was hybridized to the membrane at 37°C for 1 h. The membrane was washed at 40°C in 6x SSC (0.9 M NaCl-0.09 M sodium citrate) before exposure to Fuji RX film at -70°C for 2 to 6 h.
Cloning and sequencing of amplified DNA. Isolated, amplified DNA was cloned into the EcoRV site of a modified version of M13K8.2 (28) by blunt-end ligation as previously described (2) . The ligation product was transformed into E. coli JM101 by the method of Hanahan (7) . Recombinant clones were screened by hybridization to an internal oligoprobe after transfer onto a nylon filter (Amersham International). 32P-end-labeled oligoprobe (2 to 5 ng) in buffer containing 0.9 mM NaCl, 90 Nucleotide changes (differences from the XATK-1 sequence described by Seiki et al. [26] ) were seen at a total of 73 positions over the 1,416 bases of HTLV-I env that were sequenced (Fig. 1) . A total of 44 nucleotide substitutions were found in single individuals only, whereas 29 were shared in isolates from several individuals. Twelve base changes common to all TSP isolates were found, and nine of these are also seen in HAM isolates (29) . Only five of the nucleotide base changes found in all TSP and HAM isolates altered the amino acid code of the env polyprotein. All of the base changes common to all TSP and HAM isolates were also seen in some ATL isolates (Table 2 ). These data indicate that the amino acid sequence of XATK-1 is unusual at these five positions and suggest that the residues found at these positions in the present study can be considered part of a consensus sequence of HTLV-I env.
In four patients, two variant sequences were identified in the same individual, and a fifth had three variant sequences. In all cases, a dominant species was found in the clones sequenced from each patient. None of the isolates from patient DNA had a sequence identical to that of the HTLV-I isolate described by Seiki et (Fig. 1) , which is highly conserved between retroviruses (21). One amino acid substitution (resulting from a base change at position 6650) was found within the 3' hydrophobic region of p21, which probably spans the host cell membrane (4) .
Nucleotide changes in HTLV-I LTR U3 region in TSP and ATL. The base changes identified within the 5' LTR U3 region of HTLV-I isolated from all patients are shown in Fig.  2 . Nucleotide changes were found throughout the LTR region amplified. Of these, six were found in all TSP and ATL isolates (Fig. 2) . At bFrom Tsujimoto et al. (29) .
the Japanese sequences XATK-1 (26) and HAM (29) . The nucleotide changes seen in all of the isolates sequenced in the present study and which are also found in HAM ( The amount of variation in HTLV-I sequences is much less than that in HIV (Fig. 3) , probably reflecting the different strategies adopted by the viruses in evading the host immune response. In the HTLV-I env gene, the 5' region of gp46 and the 3' region of p21 contain most of the sequence changes common to all of our isolates. The region of env spanning the gp46/p21 cleavage site is relatively invariant between isolates. The majority of clones ( 
